Summary.-The present finding that mice metabolize a greater proportion of an oral dose (50 mg/kg) of vinylidene chloride. (1,1 -dichloroethylene, DCE) than rats implies (a) that the efficiency of DCE metabolism follows the known activity of cytochrome P -450 in the organs of these animals, and (b) that, in accordance with the LD50 values, the real exposure (expressed as the amount of DCE metabolized) is relatively higher for orally dosed mice than rats, and (c) that DCE carcinogenicity would appear to be more likely in mice than rats.
WIDESPREAD use of the polymer of vinylidene chloride* (1,1 -dichloroethylene, DCE) for packaging film and for coating other packaging materials, and the recent discovery of DCE tumorigenicity in the kidneys of mice (Maltoni et al., 1977) but not in rats, warrants a systematic search for possible species differences in DCE metabolism which might account for the species susceptibility observed.
Previous work (Jones and Hathway, 1977; Walker and Hathway, 1977) on the metabolism of DCE ( Fig. 1(a) ) in rats showed that: (i) thiodiglycollic acid (g) and an N-acetyl-S-cysteinyl acetyl derivative (e) (where R is considered to be OH and R' is unknown) where the major urinary metabolites associated with substantial amounts of chloroacetic acid (b) dithioglycollic acid (j) and thioglycollic acid (h),
(ii) chloroacetic acid (b) a key metabolite of DOE (a) biotransformation, afforded in vivo several metabolites in common with DCE, and (iii) transformation of DCE (a) into chloroacetic acid (b) involved migration of one C1 atom and the loss of the other one.
The experimental evidence implied that the N-acetyl-S-cysteinyl acetyl derivative (e) arises through the reaction of 1,1-dichloroethylene oxide with glutathione, a reaction catalysed by glutathione Sepoxide transferase.
The present paper describes the results of an investigation of DCE metabolism in mice vis-a-vis the previous one in rats * (Jones and Hathway, 1977) .
RESULTS AND DISCUSSIONS
The most conspicuous result of a study of the comparative metabolism of an oral dose (50 mg/kg) of DCE in mice and rats was the finding that pulmonary excretion of unchanged DCE account for 28% of the dose in rats, but for only 6% in mice (Table I) . At this dose level, mice metabolize a greater proportion of the administered DCE than rats; more than 20%. The efficiency of DOE metabolism thus parallels the activity of cytochrome P-450, which is known (Litterst et al., 1975) to be higher in the principal drug-metabolizing organs, (kidneys, liver and lungs) of mice than of rats, and this observation is entirely consistent with a metabolic pathway involving initial epoxidation of DCE (Jones and Hathway, 1977) ; Hathway, 1977; Walker and Hathway, 1977) . In the case of these orally dosed animals, the real exposure (expressed in terms ofthe amount of DCE metabolized) is relatively higher (Table I) shows that this substance is metabolized in much the same way ( Fig. 1 ) in mice and rats, but there are some species differences in metabolism. A single qualitative difference is the urinary excretion of a small amount of N-acetyl-S-(2-carboxymethyl) cysteine, which is formed in mice (but not in rats) from the major metabolite, the N-acetyl-S-cysteinyl acetyl derivative. The fact that considerably more of the N-acetyl-S-cysteinyl acetyl derivative was formed in mice than in rats (Table I) is the main quantitative difference in DCE metabolism between these rodent species. As a result of previous work, it is concluded that the N-acetyl-S-cysteinyl acetyl derivative arose from the reaction of 1,1-dichloroethylene oxide with glutathione, catalysed by glutathione S-epoxide transferase (Jones and Hathway, 1977; Hathway, 1977) and it has now been found that the relative proportions of the N-acetyl-S-cysteinyl acetyl derivative that are formed in mice and rats do in fact parallel the activity of liver glutathione S-epoxide transferase in these species (Hayakawa, Lemahieu and Udenfriend, 1974) . Hence, it would appear that greater production of this DCE excretory product (Table I) in mice than in rats is due to the higher cytochrome P-450 activity in the drugmetabolizing organs of mice (v. supra) and to a potentially saturable chloroacetic acid metabolism in (v. infra) coupled with the correspondingly higher activity of glutathione S-epoxide transferase for the more available murine 1,1-dichloroethylene oxide (see Fig. 1 Our previous assumption that the thioglycollic acid and dithioglycollic acid, which were produced by DCE metabolism in mammals, arose through /3-thionase hydrolysis of the thiodiglycollic acid metabolite (Jones and Hathway, 1977; Hathway, 1977) Thioglycollyloxalic acid is accordingly considered to have been formed through (w -1) oxidation of the product resulting from the esterification of thioglycollic acid by a reactive (CoA ester) form of glycollic acid (Fig. 2) . Recent work in rats (Jones and Hathway, 1977; Hathway, 1977) implied that the DCE-derived N-acetyl-S-cysteinyl acetyl derivative must have originated from the reaction of 1,1-dichloroethylene oxide with glutathione S-epoxide transferase, since, for example, none of this compound resulted from the metabolism of chloroacetic acid, itself a key metabolite (Jones and Hathway, 1977; Hathway, 1977) does in fact operate for mice and rats. One of the most important differences between mice and rats is the availability of 1,1-dichloroethylene oxide and its rearrangement product, chloroacetyl chloride, due to increased cytochrome P-450 activity in mice (v. supra) and to a potentially saturable chloroacetic acid metabolism in these animals. Whilst the reactive metabolite, 1,1 -dichloroethylene oxide, is readily detoxified by reaction with glutathione, catalysed by glutathione S-epoxide transferase, and such disposition accounts for much of its generation, reaction of this active metabolite and its rearrangement product with DNA (Hathway, 1977 ) is likely to be more significant in mice than in rats. This "biochemical lesion" may in turn initiate the carcinogenicity described (Maltoni et at., 1977) for DCE in mice, but not in rats. On the other hand, disposal of 1,1-dichloroethylene oxide by epoxide hydratase seems to be relatively unimportant in mice and rats, in which the reaction product in vivo, 002, is formed only in very small amounts.
Additional work is necessary to determine the position of man in respect of the various toxicities and oncogenic potentials which have been found for DCE in experiments with different species of animal.
GENERAL DISCUSSION AND CONCLUSIONS
The toxic and carcinogenic properties of vinylidene chloride (DCE) merit discussion. Thus, when a single oral dose of only 100 mg of DCE/kg was given to mice, some of the animals died from the effects of DCE metabolism, whereas at lower tolerated inhalational doses, they evinced signs of hepatic and renal injury (Irish, 1963; Prendergast et al., 1967) and some of them succumbed after long (52 weeks') chronic exposure (at 25 parts/106) to an unusual tumour of the kidneys, a kidney adenocarcinoma (Maltoni et al., 1977) . DCE acted as a causative agent eliciting toxic and carcinogenic effects in Maltoni's (1977) Swiss mice; in this case, the toxic and carcinogenic properties seem to be antagonistic and complementary. This observation is not altogether surprising, because highly toxic substances would be more likely to cause the necrosis of cells than to modify them biologically in such a way as to ensure their survival and ultimate transformation into irreversibly tumorigenic ones. For example, whilst benzene is highly toxic to blood-forming tissue, it is a relatively mild leukaemic agent, whereas 2-naphthylamine is only slightly toxic to man, but is a powerful frank carcinogen. Although an attempt has been made to define the "biochemical lesion" responsible for DCE carcinogenicity in mice (Hathway, 1977; Jones and Hathway, 1977) and to describe the biochemical mechanism for the acute toxicity in rats (Jaeger et al., 1973 (Jaeger et al., , 1975 we feel that it would be extremely difficult to separate completely the biochemical changes belonging to the toxic manifestations from those peculiar to the carcinogenic events. Indeed, it is feasible that the toxic and carcinogenic properties of DCE may be attributable to the same reactive metabolites, viz. 1,1-dichloroethylene oxide and chloroacetyl chloride (v. supra). But any concept of tumours arising only in the wake of extensive tissue injury and healing processes appears at first to be incompatible with an association between neoplastic change and specific modification of nucleic acids, particularly of DNA. However, there is evidence that continuous cell injury must play some role in carcinogenesis, for example, the link between alcohol consumption, cirrhosis and liver cancer in man or the sorts of experiment showing that cells which are forced to replicate, such as after partial hepatectomy, are more sensitive than non-proliferating cells. In addition, the fact may be mentioned that some attested carcinogenic agents evince other toxic properties, including the long-standing "solar" dermatitis that is associated with skin cancer incurred by u.v. light (Berenblum, 1974) and the hyperplasia and other early benign signs that accompany bladder cancer induced by aromatic amines (Clayson, 1962 (Clayson, , 1974 . Thus, there appears to be more evidence in favour of a link between toxicity and carcinogenesis than there is against it.
